The crystal structure of end-member sogdianite from the Dara-i-Pioz alkaline massif, northern Tajikistan, a 10.1240(3), c 14.3198(5) Å, V 1271.1(1) Å 3 , space group P6/mcc, Z = 2, has been refined to an R index of 2.0% using 576 observed (|F o | > 4F) reflections collected with single-crystal diffractometer with MoK␣ X-radiation. Electron-microprobe analysis gives a composition (Zr 1.98 Hf 002 ) ⌺2.00 (K 0.99 Na 0.01 ) ⌺1.00 Li 2.97 Si 12.01 O 30 . The sogdianite end-member has the typical structure of the double-ring silicates of the milarite structure-type: the A octahedron and T(2) tetrahedron are completely occupied by Zr and Li, and tetravalent Zr at the A site induces the lack of Na at the B site. 
INTRODUCTION
Sogdianite from the alkaline massif of Dara-i-Pioz, northern Tajikistan, was described by Dusmatov et al. (1968) as a new mineral with the formula (K,Na) 2 Li 2 (Li,Fe,Al,Ti) 1.8 (Zr,Ti) [Si 12 O 30 ]. Its structure was solved by Bakakin et al. (1975) and then refined both from powder X-ray data (Kabalov et al. 1994) and from single-crystal X-ray data (Cooper et al. 1999) . All studies of the crystal structure of sogdianite confirmed its affinity to the milarite structure-type with a general formula of [6] (Forbes et al. 1972) . The T(2) tetrahedra and A octahedra connect the [T 12 O 30 ] double-rings along the c axis. The [12]-coordinated C cations are located on the axis of the channels that extend along [001] . In contrast to the sogdianite formula K (Zr,Fe 3+ ,Ti,Fe 2+ ) 2 (Li,Al,Ⅺ) 3 [Si 12 O 30 ] (Na,K) proposed by Bakakin et al. (1975) , Cooper et al. (1999) 
OCCURRENCE
End-member sogdianite was found in a quartzaegirine aggregate in the moraine of the Dara-i-Pioz glacier (southern slope of the Alai mountain ridge, Garm district, northern Tajikistan). The Dara-i-Pioz alkaline massif is confined to the intersection of the Alai, Gissar, Zeravshan and Turkestan mountain ridges. The glacial valley cuts the upper Dara-i-Pioz massif, which is related to the late Permian -early Triassic Alai intrusive complex. The external part of the complex consists of fine-grained subalkaline biotite granites and represents a second-stage intrusion of the Turkestan complex; its central part consists of alkaline rocks, i.e., syenites and foyaites of the Alai complex, crossed by veins of syenite aplites, pegmatites, quartz and carbonatites.
Usually, the sogdianite end-member occurs in multimineral pseudomorphs after eudialyte. These pseudomorphs also contain bazirite, BaZrSi 3 O 9 (Pautov & Khvorov 1998) , calcite and relics of eudialyte, and occur in a massive quartz-aegirine aggregate with a small amount of titanite and turkestanite. The sogdianite endmember crystallizes as short prisms (0.3 ϫ 0.5 mm; Fig. 1 ) with numerous inclusions of bazirite. The crystals of sogdianite are colorless (in contrast to the pink crystals of sogdianite characterized by Cooper et al. 1999) or white because of inclusions of bazirite, semitransparent, and with a vitreous luster. The forms {100} and {001} are prevalent. In ultraviolet light, the mineral fluoresces blue. In thin section, the sogdianite end-member is transparent and colorless.
ELECTRON-MICROPROBE ANALYSIS
Chemical analysis of the sogdianite end-member (Table 1) was done by atomic absorption (Li, Na and K) and electron-microprobe analysis (for other elements; JCXA-733 electron microprobe; 20 kV, 21 nA). Standards were as follows: osumilite USNM 110607 for Si, K, Fe; zircon USNM117288-3 for Zr, Hf; augite USNM122142 for Na (USNM standards from the Smithsonian Museum, Washington, D.C.). In spite of careful preparation of samples, it was very difficult to get pure grains of sogdianite without any trace of bazirite; the presence of bazirite inclusions resulted in a slightly underestimated value of the Li content. On the basis of 30 oxygen atoms pfu (per formula unit), the following chemical formula for the sogdianite endmember was obtained: (Zr P4 diffractometer fitted with a CCD detector, using MoK␣ X-radiation and an irregular fragment with dimensions 0.03 ϫ 0.11 ϫ 0.15 mm. The integrated intensities of 11981 reflections with 14 ≤ h ≤ 14, 14 ≤ k ≤ 14, 20 1 ≤ l ≤ 20 were collected up to 2 = 59.90° using 30 s per frame. The refined unit-cell parameters (Table  2) were obtained from 6150 reflections (I > 10I). An empirical absorption-correction (SADABS, Sheldrick 1996) was applied. The atomic coordinates of sogdianite (Cooper et al. 1999) were used as the initial structure-model. On the basis of 576 unique observed reflections, the crystal structure of sogdianite was refined with SHELXL-93 (Sheldrick 1993) to an R of 2.0% and a GooF of 1.10 for a total of 42 refined parameters. Scattering factors for neutral atoms were taken from the International Tables for X-ray Crystallography (Ibers & Hamilton 1974) . Refined site-occupancies for the A and T(2) sites indicate the presence of Zr and Li. A final difference electron-density map shows no maximum at the B site, thus confirming the vacancy at this site. Final atom parameters are given in Table 3 , and selected interatomic distances are given in Table 4 . Final observed and calculated structure-factors may be obtained from The Depository of Unpublished Data, CISTI, National Research Council, Ottawa, Ontario K1A 0S2, Canada.
CRYSTAL STRUCTURE
Sogdianite is a member of the milarite group (berný et al. 1980 (berný et al. , Hawthorne et al. 1991 . In the basic structure of these minerals, pairs of opposing [Si 6 O 18 ] rings of tetrahedra meld to form [Si 12 O 30 ] cages that stack to form columns parallel to the c axis (Fig. 2) . The columns are arranged at the vertices of a 3 6 net and are linked both horizontally and vertically by additional tetrahedra [formally labeled T(2) in this structure type]. Additional linkage is provided by octahedrally coordinated cations that are labeled A. Viewed down the c axis, the structure is virtually identical to that of beryl (Fig. 2a) . Viewed along [100] (Fig. 2b) Table 5 .
In the crystal structure of end-member sogdianite, four sites, A, C, T(1), and T(2), are completely occupied by Zr, K, Si and Li, respectively; the B and D sites are vacant. End-member sogdianite differs from sogdianite as described by Dusmatov et al. (1968) by the absence of Na at the B site and Fe 3+ , Ti 4+ and Fe 2+ at the A site.
In the end-member sogdianite structure, the <T(1)-O> distance, 1.612 Å (Table 4) , is the same as in the sample of sogdianite refined by Cooper et al. (1999) . This is the only cation-anion distance that is the same in each structure. The C site is occupied by K, and the C-O(2) distance is 3.049 Å, compared to 3.033 Å (Cooper et al. 1999) .
The A site is occupied by Zr ( close agreement with the observed value of 2.077 Å. Hawthorne et al. (1991) showed that there is a close correlation between <A-O> and the constituent-cation radius of the A-group cations: a linear model with a correlation coefficient of 0.983 and the form <A-O> = 1.311 + 1.066 <r A > was reported for the milarite-group minerals (<r A > = mean radius of the constituent A cations). Hawthorne et al. (1991) also reported the possible existence of two distinct correlations. Additional data, recently obtained for darapiosite, dusmatovite (Mn,Zr,Y) 2 (Ⅺ,Na,K) 2 K (Zn,Li) 3 [Si 12 O 30 ] (Sokolova & Pautov 1995 , Pautov et al. 1996 and shibkovite (Ca,Mn,Na) 2 (K) 2 K Zn 3 [Si 12 O 30 ] (Pautov et al. 1998 , Sokolova et al. 1999 ) support the existence of two distinct correlations. Furthermore, Ferraris et al. (1999) proposed a separate correlation for the Li-bearing minerals of the milarite group (sugilite, brannockite, sogdianite, and darapiosite): <A-O> = 1.38(5) + 0.93(7) <r A >. For Li-and Zn-bearing minerals of the milarite group (Table 7) , addition of our data on the end-member sogdianite structure and sogdianite (Cooper et al. 1999 ) produces a refined correlation: <A-O> = 1.411 + 0.901 <r A >, with R 2 = 0.974 (Fig. 2) . This equation fits the correlations reported by Ferraris et al. (1999) and Hawthorne et al. (1991) within the estimated standard deviations. Both Na-free minerals, brannockite and sogdianite (Table 7) , deviate from linearity by approximately the same value (Fig. 3) . We believe that this deviation results from the common feature of both structures, the vacancy dominant at the B site. Cooper et al. (1999) divided the Li-bearing members of the milarite group into two subgroups: (1) those with a vacancy at the B site, and (2) (Table 7) . With increasing bond-valence at the A site, the bond valence at the B and T(2) sites should decrease. In the structure of end-member sogdianite, there is no cation at the B site, and thus the increase in bond-valence (0.67 vu, valence units, for end-member sogdianite compared with 0.60 vu for sogdianite) compensates for the lack of bond-valence incident from the B site. A small decrease in the T(2)-O bond slightly increases the bond-valence to O(3) and compensates for the vacancy at the B site.
The same dependence of the T(2)-O bond on the B-site population for sugilite and brannockite has been emphasized by Hawthorne et al. (1991) . In sugilite, the <T(2)-O> bond-length is 1.970 Å (Ⅺ 1.02 Na 0.98 ), whereas in brannockite, the <T(2)-O> distance is 1.922 Å (Ⅺ dominant at the B site) ( 
ON THE ISOMORPHOUS SERIES SUGILITE-SOGDIANITE
In accordance with Armbruster & Oberhänsli (1988) , the a and c parameters of sogdianite increase as both the common edge between the T(2) tetrahedron and the A octahedron and the C-O bond length become longer: a = 10.1240(3), c = 14.3198(5) Å, V = 1271.1(1) Å 3 for end-member sogdianite versus a = 10.053(1), c = 14.211(2) Å, V = 1243.8(4) Å 3 for sogdianite (Cooper et al. 1999) .
A linear correlation of cell parameters versus chemical composition has been established recently for the sugilite-sogdianite isomorphous series (Pautov et al. 2000) . More than 50 samples from Dara-i-Pioz have been analyzed by electron-microprobe analysis and Xray powder diffraction, and reveal a continuous sugilitesogdianite solid-solution series. The data confirm the existence of ideal end-member sogdianite. Table 8 presents revised end-member formulae for Li-and Zn-bearing minerals of the milarite-type structure.
